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Flaw Detection of Pressure Vessels by Laser-

Holograpnhic Non-Destructive Detection (NDT) Technique

Zneng Zhong-Zheng

Peking Institute of Chemical Engineering

The preliminary results of the laser-holographic non-
destructive flaw detection tests of vessels with simulated
rlaws unger hydraulic pressure are reported in this paper.
The analysis ang comparison of the aeformative
interference fringes of several types of flaw shapes and
The rultes of Formatioa can pe used as references for the
juagement of the characteristics ang sizes of flaws In the

vessel under aetection.

Large quantities of vessels with welded structure are
usea in the chemical industry, Since the 60's,
The scale of brouuction tends to be jargej; most
vesseis are made with high~-strength, I1ow-atloy stainitess
steels. Because the traditional methods of flaw detection
have certain limitations, also because we hope to be able
to attalin quantitative detection resuits in order to
calculate the safety criteria of the flaw sizes, based
on the cracking mechanics, the laser-nolographic flaw-

cetection metnhod has some prominent advantages.
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l In this paper, we report the preliminary testing B
" e
- TGN
" . . KSAY
- results, and the analysis ana summary of the formation RO
. RN
s .:,t.l-.:.
-, rules of the interference fringes of different flaw y@hﬁ,
l shnapes. According to our testing results, we found that it
. is possibie to attain usefui gquantitative information from
. The qQeformative fringes under some special conaitions. The
I repetition of the resulits is also very good.
, The Testing Arrangement, Testing Sampies, and
)
N
» Testing Method
.
" The testing uses Tthe common double-exposured
i noltographic arrangement. The 1fght source is a 25 mw He-Ne
=i

= laser.Due tothe closed feature of the vessels, we used a -
A ’
5- nydraulic method to apply pressure to the vessels. The E
v ~
i rirst exposure is made when the hydraulic pressure is _s
., artained at the scheauleo value and the second exposure is
ff mage arter the pressure has been rejeasedq.
=
- We used small vessels of 1Cri8NigTi stainless steel
®

with simulated fiaws in the inner wall as testing samptes.
Each vessel has semi-cylinders A ana 8, and in each semi-
cylinaer different ring-like ana axial grooves, with
agifferent aepths ang widths, were cut (Fig. 1. and Table

1.).
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s Fig. 1
[ Tabte 1. The Flaw Sizes of the Testing Vessels (mm)

No. Oof - Plane| Orientation Wigth of Filaw Depth of

' Vesse| of the Fiaw | Left" Rignt™ Flaw

|
1
l

#1 Ring-girection 0~ .15

- #z f . Ring-airection 0~ ]

-t

#3 Axtai-airection ] i;f?

fta Axifat-airection

* The left and rignt sicdes are cefined with the front

view in wnich the water tube is on the right .
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DUring tne testing, one Of The ena oOof the sample
vesse |l was clampea norizontally in a vipbration-isoliatea
otatrorm, ana The other end (seating endal) was connecteag
with the testina pressure pump by a8 tiexinle water tupe ToO
3notly nyaraul ic oressure.

in orcer to attrain a good basis for comparison of all
T™he NOo1oarannic nictures iT 1S necessary TO Use The same
noTiCa!l oath arranaement. Theretore we arrangea the
ilttumination and observina airections as fixed in the
norizontatl pranec OFf The axial tine of the vessels, and
made Tnem overtanping with the normat! girection ot the axis or
intersecting it with a small angle to compensate the axial
movement aue TO the clamping ang water tupe, Thus making
TNe Qounte—-exposurea heloarapnic pictures of tne flaw—tree
vesse s nave unifrorm, symmetric flar-oval trinaes ot
interference. ( Fig.2 ),

Artrention snoutd ne naica that there should be no
aAny Tiny Adisplacement of The riqgia nody aurina the

exposure nrocess.. For example, un-tighrtened clamping ot

The vessel, TOO fast unlioagina or toaading or the pressure,
etr, Wit cause an incresse of the fringe number anag

cnanae of the ftfringe snapes.

* It 15 mistaken as ria. 1 in the oriqginat Cninese

paner, .
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Fia. 2
Fig. 2. Double exposure hologram of flawless pressure vessel 4P=100kg/cm’ .

Altnouan This aoes notr infiluence the quatitative
iucaement of tne position and area of the filaws, it-
of the flaws.
nas infiuence if we Ttry to auantitatively juage the shapes
orjentations ang sizes of tne flaws. Fig.3 is & sketch of
tne arranaement ot the lightroute, The ratio ot tiagnt
intensitiers, and the exposure parameters are att within

The normat range.

L LI |

Fiq. 3
Fig. 3. Light route arrangement diagram.
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Tne Anatysis of the l1estina Kesults

The Testina is daone unaer aitterent pressure loadings
(10 = 200 ka/cmé with sten 10 ka/cm€). The aouble—
axposured hotogaraohic pictures were mage tfor the two

somi-cviinaers from the outsiae for each testing ves< :i,

ang eacn picture includes the interference frinaes of the 3

s

'ert anda riant-sice rfiaws. We attainea 8 groups or

P
¥

v

notograpnic pictures altogether. We aliso obtainea the

r

aounle—exposurea  holographic' nictures of a filaw-free,

. . -
Lt
3

¢
v

inner pressured vessel to offer the basis of comparison.

LRI

1.7Tne analvsis of the holograpnic pattern of fiaw-

rree, inner—-pressureq vessets,
For the thin-wall-cviinager vessels (that is: the

ratio of the outrsice oiameter; To Tthe inner diameter § 1.2
or the ratio of wall thickness to the inner daiameter §
1/10)., accoraing to The zZero-toraue theory, we KNGw thar
wnen Thne inner wal!l unaerqQoes a unitorm inner—-pressure in ;;qj?
Tne vesce! Doay at the miodie of the cvlinaer, the .

Aiagmertrical expansion anda axial stretch will be Qenerateq

e per the following formulas:

Pre
Tne aiametrica! aisplacement is: W = ( ¢ - jL )
ZES
rr
The axiat aisplracement is: u = 1t = 2y o X
£
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The arresces at the cv!inaer boay are as rol lows: }Lﬁ?
~
rr .
i . . . . '
. Ine ring-agirection stre<s: I o=
S "

T Pr X

wl The axial direction stresa: © 2 = .

. 2% .

' Here: P is the pressure, r is the aiameter cf tne

B cvtiinager, % 1S Thne thickness Oof Tthe cviinder wall, £ is - I

o tne modulus of e1asTicity of The materiat, p is tne Poisson OUER

° o ) . _ ‘. -

- roerficient of the material (usually eauals to 0.3), and x o

L is the axial coordinate of tne vessel,

; We can KNow from the these formutlas that the axial 53&5
aisptacement cnanges with X, At the position of X = r, tne jf
axial gispracement is a auarter ot Tthe aiametrical :
gisplacement, and the ring-direction stress in the .
cviinaer wall is twice the axial stress.

]

o Arcording to the principte ot interference, we KNow

3

co

"L rhat TtThe orientation of the fringes is permendicutar to

o —

agirection of the adeformation. Therefore, the horizontal

~
{

rrinaes in Fig.2 show The adiametrical expansion of the

vessel, 4na The vertical fringaes snow the detormation in -
The axial airecrtion. 8Beéecause the interterence fringes are

The Trace with tne same oortical-path difference, tnerefore

The fringes usuatlly snow the the total aisplacement

andwil 1l snow the singlte~airection aisplacement only in

coOme <oecial conaitions. But 1t i ver nacsinie that the




nresented sinale-direction aisniacement afso could ne the
recult of multi-cirectional aisptltacement . Therefore,
combinina the pnysica! meaning, It neegs further analysis
ano adistinauisninag.,

Usuatty, if we want To catcutarte the vailue of
agisplracement at some position of the pody, we sShould KNow
The arcers of The fringes. But for tne diametrrical
expansion and thne axial stretcn of the tlaw—tree pressure
vessetl, there is no fixea point. There is no zero

oraer rfrinae. Hut pbecause the qgirection of diametrica)

cireprtacement is KNOwWN ana is The major aisptacement, we can

use the anove obrical arrangement Tto opbtain notoarapnhic
(Figure 2)
DATTerns of the vessels.qAnd The group or the norizontal
frinaes ot The miadie part of the vessel, excent The both
encs which are infiluenced ny the boundaries, is a
manifestarion of the uniform giametrical expansion of the
vesset; each frinae is retated to the diametrical
gisplacement unger some 10ad. Burt necause of the viewina-
Aifrerence in tThe mniane view oniy the rringes in Tthe axic
are truly relatea to the reai value of the axiat
nieptacement., The aiametrical aisplacement reltarea ny the
norironta! fringes wnicn are oursiqe of the vessel axis
varies witn cosine of the central angle of the trrinae.
unader a cerrtain 10aq, the gdiametrical adispltacement of the

vesag! can Ne raculatea with the above formulas. ineratare,
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the fringes of the holographic pattern at the axis, under
The same load, are correlated to the values of such
aisplacement. Wnen the cgeformative fringes are due to the exist-
ence of the flaws, the deformative fringes nave the same
characteristics as describeqa above. New fringes wili be
generated in the positions with big deformation, making
tThe number of fringes (and oraers) increase. Because
the displacement difference of each order of fringe is
equal to the half wavelength of the l!laser lignht,
the absolute displacement can be known by
calculating the relatead position of the deformative
fringes and the increase of the order at the point
concerned. This basic unaerstanding can be used as a pbase
TO anatyse the deformative fringes described below:

2. The analysis of the nholograghic patterns of the
rinag-adirection grooves

Fig. 4 is the A-plane double-exposured holographic
pattern of vessel #l, with a loaa of 0 kg/cmz. From thne
tfringe we can see the origlnatty very fiat oval fringes at
The miadle part of the vessel have un-continuous
deformative fringes at positions of the ring-direction
grooves at Doth vessel sides., ‘Closed ' oval aeformative
fringes appear at the centers of the grooves and at their
left and rignt-sidges. At the upper and l|lower ends of tne

grooves, V-shape valleys with different wiath appear in

. ., . - S N

P LML S Sl Rl R
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TNne picture. The width of the opening of the v-shape is

same as thne measured widath of the aroove. The ourmost part
or the V-shape frinages is a manifestation of the length of
Tne aroove. The centerward fringes mean that the order of

Tne fringes is increasing, a resutt of the increased
geformation. Anc tne increase of the order of the
aoeformartive frinaes is a result of the increase of the
10a0. HBut tne oraer of the deformative fringes of the wiae
aroove at the rignt sice is 1-2 orders higher than that of
Tne teft side, snhowing the difference caused by the

wioe aroove ana the large deformation. The uprignht shape
ana the symmetric curvatures of the new-generateqg
aerormative fringes mean that the axial deformation is the
major one. This is consistent with the actua) situation
Tnat the left sicge and riagnt sice of the vessel, at the
ring-direction Qrooves and unaer inner pressure, Wil
aenerate aaditional axial adispilacement with opposite
airections. The gistribution of vertical ftringes is a
record of the regions wnich will ungergo aerormation wnhen
The arooves are unger pressure,

fig. 5 is the B-plane noiograpnic pattern of the

vessel #1. 1he 1oag is also bl kg/cmé, we can see from the

iqure that at the centers Of the grooves no closed oval ; i

r

3

rrinaes are formed, DUt the V-shape frinacs pecome more

{
r'r "

vertirat ana sharp. We can ijugne the width anda lenath ot

I Sl Y
" [
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the groove from the size of the opening and the shape of N

l'l'l.
o
r 2 1

the valtley of the V-like fringe. The left side has a one

l~ .

oraer increase compared with the right sidge. The

ageformative fringes at the inside of the two grooves in

Fig. 5 have one a oneorder :rease compared with the outside f“g
ones. This situation can be explafined by the stress ﬁﬁi
concentration at the narrow groove. The vertical fringes ;i;
at the left groove in Fig. % are very dense. This means the

L gradient of the axial strain is large and the one-order
less for the outside fringes is due to the influence of
the boundary conditions at the two enas.

i The comparison of the above holographic patterns

uncovers the aifferent characteristics of the deformation

fringes of grooves with different widths,




Fig. 4. A-FPlane of Vessel #l!, Ap=60 kg/cm2

Fig. 5. B-Plane of Vessel #1, A pP=60 kg/cmé
Fig. 6. A-Plane of Vessel #3, Ap=40 kg/cm?
Fig. 7. - plane of Vessel #3, Ap=40 kg/cm?
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3. The analysis of the holographic patterns of the
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Fig. 6 and 7 are the A and B-plane holographic
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patterns of vessel #3. The loads are all 40 kg/cm2_  ywe can

o

» ‘a TR
REMM

see from the Figures that the correspondence of the

geformative fringes ana the actual positions of the -
arooves are very good, ang ali are closed ovals. The
increase of the fringe oraers is very fast. This ‘truly
reflects the characteristics of the axial grooves
which are easily aeformeda and witl produce ring-airection
displacement deformation. uUnder very small l!oad
}j (lOKg/CmZ). the deformative fringes are very clear. When
o the load increases the upper and lower sides also appear as
- closed fringes and this gives out the true characteristics

of the longitudinal expansion of the axial grooves. Under

large l|oad, the number of closed ovals increase. The 1ong T

.
¥

axis of the outermost oval usually exceeds the actual length

v
PR SiF R EEE N

e e

.
.

of the groove; this is the result of the correlated

TR
.

ageformation. But the distance between the oval fringes =
formed by correlated geformation will certainiy be Tﬁ
) widened. Therefore, only taking the long axis of the oval S

4 with uniform fringe aistance at the both ends, we can

gecide the lengtnh of the flaw accurately.




.

Preliminary Results

Laser notoqramny as a techniaue of non-aestructive
aetection is able to be applied to the flaw detection
or TtThnin-wall vessels, The results snow the distribution of
agisotacement of the wnole frielo. It can pe used not only
To snow retianty the positions of the firaws by the
aeformative frinaes of interference, but also can be used
to aeciqe the orientation planes ana the sizes of the
fltaws, The tota! geformative disptacements at the tiaws can
a1S0 De estimateq Dy the analysis of the fringes of the
wnote field to attain semi-quantitative resuits. This
recnnique can also De usea To Show Tthe characteristics or
The gerormation and the reagion of the influence. Therefore
it can be considered for the application to the structural
analysis of vessels, such as the studies of the regional
toaa ana concentrarion of the stress, €tc. But the results
of Tnis paper are pased on artificiatly simutatea
r1aws, This is of course much more simpte than the
complicatea real rflaws. But the already atrained results
ana experience will certainiy pe valuabpte for practical

anptications,
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FLAW DETECTION OF PRESSURE VESSELS BY

LASER HOLOGRAPHIC NDT TECHNIQUE

Zheng Zhongzheng
(Beijing Institute of Chemical Technology)

(!;our simulative flawed pressure vessels are subjected to hydraulic pressure for the
detesTion by laser holographic method. The characteristic of the frings pattcrns dus o
the deformation of the flaws provides some valuable information which can be applied
40 cvaluate the behavior and size of practical flaws in pressure veuels.b
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